Myxobacteria are known for their unique lifecycle and the ability to produce natural products with unique structures and bioactivities (Weissman & Müller, 2010) . They form a phylogenetically coherent group within the class Deltaproteobacteria based on 16S rRNA gene sequence analysis (Garcia et al., 2010) . At the time of writing, there are three suborders, seven families, 23 genera and 55 species with validly published names within the order Myxococcales (Approved List of Bacterial Names). Myxobacterial systematics is mainly based on morphological characteristics like shape and size of vegetative cells and myxospores, swarming colonies and fruiting bodies. However, their morphological characteristics are often unstable and may vary or be lost on repeated subculturing under laboratory conditions (Garcia et al., 2010) . 16S rRNA gene sequences are also quite conservative for fine discrimination between closely related taxa (Fox et al., 1992) . Hence, a polyphasic approach should be followed in order to clearly delineate a potential novel taxon from its closest relatives. Recently, fatty acid analysis with respect to different taxonomic clades within the myxobacteria helped to establish chemotaxonomic-phylogenetic correlations (Garcia et al., 2011) . In the future, other molecular markers and approaches also need to be identified and applied to establish modern myxobacterial systematics.
Using divergent approaches based on genotypic, phenotypic and chemotaxonomic analysis performed together with the reference strain MCy10622 and selected type and neotype strains of species belonging to the genera Myxococcus, Corallococcus, Pyxidicoccus and Melittangium, we propose a novel species in a new genus for the soil bacterium (strain MCy1366 T ) from Japan.
Two strains described here were isolated from different geographical locations at different times. Strain MCy1366
T was isolated at the Helmholtz Centre for Infection Research (HZI; formerly GBF, Gesellschaft für Biotechnologische Forschung, Braunschweig, Germany) in 1981 from a soil sample collected in 1980 near Tokyo, Japan. The reference strain MCy10622 was isolated in July 2013 at the Helmholtz Institute for Pharmaceutical Research Saarland (HIPS, Saarbrücken, Germany) from a soil sample collected in Zürich, Switzerland. Standard isolation and purification protocols were used for both strains (Reichenbach & Dworkin, 1992) . The type and neotype strains used in this study are listed in Table S1 , available in the online Supplementary Material. All strains were continuously maintained on CY/H medium supplemented with 1 ml l
21
, 500-fold-diluted vitamin solution after autoclaving (Mohr et al., 2012; Schlegel, 1992) and VY/2 agar (Shimkets et al., 2006) . All cultures were incubated at 30 u C and liquid cultures were grown at 160-200 r.p.m. unless specified otherwise.
Morphology of vegetative cells and myxospores were studied with phase-contrast microscopy (BX51; Olympus). Fruitingbody-like aggregates (for MCy1366 T ), fruiting bodies (for MCy10622) and swarming colonies were observed under an Olympus SZX12 stereomicroscope and Zeiss Discovery-V20 stereomicroscope on P (Garcia et al., 2009) , VY/2 and CY agar (Shimkets et al., 2006) . All photographs were taken using the image analysis software 'AxioVision LE' and AxioCam MRc camera (Carl Zeiss). Fruiting body aggregate morphology of strain MCy1366 T was also studied by field emission scanning electron microscopy (SEM) using a Zeiss Merlin with aldehyde-fixed, critical-point-dried and goldpalladium-sputtered samples. Images were taken with an Everhart-Thornley SE-detector and Inlens-SEM detector in a 25 : 75 % ratio applying the SEMSmart software version 5.05. Formation of myxospore-like structures by strain MCy1366
T was observed in myxo media broth (10 g casein peptone, 1 mg CoCl 2 , 0.05 g CaCl 2 . 2H 2 O, 0.25 g MgSO 4 . 7H 2 O, 23.6 g HEPES, 1 l distilled water; pH 7.0) after incubation for a minimum of 3 days.
The swarm colony of both isolates on VY/2 agar was transparent, soft, thin and surrounded by a clear halo due to the lysis of yeast cells as often described for most members of the family Myxococcaceae (Reichenbach, 2005) , and the salmon orange colour of MCy1366
T cells was evident upon scraping the swarm with a loop. The swarm colony on P agar was yellow to orange with large flame-like outward extensions at the periphery (Fig. 1d ) and surrounded by a clear halo suggesting starch hydrolysis. Swarm on CY agar contained shades of orange to brown (Fig. 1b) , ripples and flat ridge-like structures in the centre, and intricate wavy veins at the edges (Fig. 1c) . Such an undulating vein structure is typical for Myxococcaceae swarms on peptonecontaining agar (Reichenbach, 2005) . Radiating veins in the swarm or corrosion of agar, typical for members of the families Cystobacteraceae and Nannocystaceae, respectively, were not observed on any medium.
Vegetative cells were slender rods with slight tapering ends, measuring 0.72-0.82 mm65.71-10.73 mm except a few which were as long as 20 mm after cultivation in myxo media for 2 days (Fig. S1b) . Numerous optically refractile, irregular spherical to ellipsoidal myxospore-like structures (1.3-1.7 mm in size) surrounded by a conspicuous dark capsule were observed in the same media after a longer (10-20 days) incubation period (Fig. 1h) . Cultivation in both CY/H and myxo media broth produced salmon orange and beige vegetative cells of strains MCy1366
T and MCy10622, respectively, which often gathered into a huge aggregate of cells. Such a massive aggregation of cells with a branching morphology is a peculiar characteristic of both isolates in liquid media (Fig. 1a) .
Fruiting body-like aggregates of strain MCy1366 T could only be observed on P and CY agar after prolonged incubation (8-10 weeks) (Fig. 1e) . They mostly appeared solitary as yellowish-orange spherical heads and lacked sporangioles and stalks. Immature fruiting bodies had the appearance of humps or knobs on the agar, as in species of the genus Myxococcus (Reichenbach, 2005) . Cell aggregation on the agar, presumably in an attempt to form the fruiting bodies, was clearly visible under the stereomicroscope as well as by SEM imaging (Fig. 1g) . No fruiting bodies were observed on buffered VY/2 agar, conversely the novel isolate MCy10622 could form reproducible fruiting bodies on the same agar within 1 week of incubation (Fig. 1f) . However, the fruiting bodies of strain MCy10622 were irregularly shaped, cushionlike cell mounds formed in groups clearly distinguishable from fruiting bodies of strain MCy1366 T (Fig. 1f) . Myxospores similar to spherical structures observed in liquid myxo media were also observed upon squashing the fruiting bodies and fruiting body-like aggregates on a glass slide.
The reaction of 3-week-old swarming colonies of MCy1366 T and MCy10622 on VY/2 agar to Congo red stain was determined using the McCurdy method (McCurdy, 1969) . Enzyme activity was determined using API ZYM strips (bioMérieux) inoculated with the cell suspension in sterile water (1 : 10) and incubated aerobically at 30 u C overnight. Starch hydrolysis, cellulose and agar degradation was studied as described by Mohr et al. (2012) . The chitin degradation assay was performed using CT-6 (Reichenbach, 2006) and synthetic S agar (0.5 g CaCl 2 . 2H 2 O, 0.5 g MgSO 4 . 7H 2 O, 0.06 g K 2 HPO 4 , 8 mg Ferric EDTA, 50 mM HEPES, 1 l distilled water; pH 7.2) with 0.7 % (w/v) chitin as the sole nutrient source. Salt tolerance to 1.5 % (w/v) NaCl was tested on CY agar after incubation for 3-4 weeks at 30 uC.
The Congo red reaction was very weak and displayed a light pink colour (Fig. S1a ) in contrast to strong reactions observed for species of the genera Corallococcus and Pyxidicoccus, and some species of the genus Myxococcus. Neither isolate could degrade cellulose, chitin or agar. No cell growth was observed for strains MCy1366
T and MCy10622 with 1.5 % NaCl, which was also observed for species of the genus Corallococcus and Melittangium lichenicola DSM 2275 T , while fair to good growth was observed for Pyxidicoccus fallax DSM 14698
T and all species of the genus Myxococcus except Myxococcus fulvus DSM 16525 T (Table S2 ). The colourless haloes on P agar plates after staining with Lugol's solution was limited to the size of the swarms of MCy1366
T and MCy10622 as opposed to species of the genus Corallococcus, depicting weak starch hydrolysis ability (Fig. S1c ). Ability to degrade starch and salt tolerance are often used as characteristics to differentiate between species of the genera Myxococcus and Corallococcus (Lang & Stackebrandt, 2009 ).
The reactions on the API ZYM strips by strain MCy1366 T were reasonably similar to the reactions observed for species of the genus Corallococcus suggesting a close relationship (Table S3 ). Positive reactions were observed for alkaline phosphatase, esterase lipase, leucine arylamidase and acid phosphatase activities while b-galactosidase, a-mannosidase and a-fucosidase activities were negative for strain MCy1366
T along with all the other strains used during this study (Table S1 ). Trypsin activity was negative for strain MCy1366
T along with type strains of species of the genus Corallococcus and Melittangium lichenicola DSM 2275 T but it was positive for three species of the genus Myxococcus and Pyxidicoccus fallax DSM 14698 T . All the reactions for strain MCy1366
T on API ZYM strips were the same as strain MCy10622 except for cysteine arylamidase activity, which was found to be negative for the former and positive for the latter. Results from all the members of the family Myxococcaceae strengthened the supposition that both novel isolates belong to the same family. Detailed results from the API ZYM test system for all strains are given in Table S3 .
Cross-streaked microbial baits of live bacteria (Paenibacillus polymyxa DSM 36 T ), yeasts (Candida albicans DSM 1665 and Wickerhamomyces anomalus DSM 6766) and autoclaved Escherichia coli K-12 cells on water agar were used for testing the ability of strains MCy1366 T and MCy10622 to lyse micro-organisms as described by Mohr et al. (2012) . E. coli and C. albicans cells were completely lysed by both strains. W. anomalus and Paenibacillus polymyxa supported the growth of strain MCy1366
T on water agar but clearing of cells could not be observed making it difficult to assess the ability of strain MCy1366
T to lyse the cells of these organisms.
The growth response of strains MCy1366
T and MCy10622 to different temperatures was tested at 20, 30, 37 and 42 u C on VY/2 agar. The optimum growth temperatures for strains MCy1366
T and MCy10622 were near 30 u C like most myxobacteria, and neither strain could grow at 42 u C. The pH optimum for both strains was tested between pH 5.0 and 10.0 at intervals of 0.5 pH units in CY liquid media. Both strains tolerated a wide pH range, from pH 6.0-10.0, but maximum growth was seen at pH 6.5-7.0 (Table S8) and there was no evidence of growth below pH 5.5.
Antibiotic resistance of strains MCy1366
T and MCy10622 and other related strains was tested as described by Mohr et al. (2012) against 13 antibiotics. The final concentration was adjusted to 50 (mg ml 21 ) for most antibiotics except oxytetracycline (10), chloramphenicol (30), ampicillin (100) and hygromycin B (150). Strain MCy1366
T was sensitive to spectinomycin, thiostrepton and chloramphenicol and resistant to cephalosporin C, kanamycin, gentamicin, hygromycin B, polymyxin and bacitracin, similar to species of the genus Corallococcus used in this study. However, it was sensitive to fusidic acid and ampicillin unlike the species of the genus Corallococcus, which showed some growth on fusidic acid and good growth on ampicillin. Strain MCy10622 was found to be sensitive to spectinomycin and thiostrepton but resistant to most of the other antibiotics tested. Both MCy1366 T and MCy10622 grew poorly on trimethoprim. A detailed description of the antibiotic resistance test is given in Table S4 .
Synthetic liquid medium S containing 0.25 % (w/v) casitone supplemented with 0.25 % (w/v) of various sugars and starch was used for testing the carbon sources favoured for growth. Nitrogen requirement was tested on a minimal casitone medium (C) (Mohr et al., 2012) with the addition of 0.25 % (w/v) of some organic and inorganic nitrogen sources. Utilization of various peptones was also tested by their addition to synthetic S medium individually at a concentration of 0.25 % (w/v). These experiments were performed in duplicate and all flasks were incubated at 30 u C, 200 r.p.m. for 7 days. Cell pellets were collected and washed with sterile water in order to remove salt contents, dried and weighed.
Strain MCy1366
T as well as strain MCy10622 could not utilize any of the monosaccharides or disaccharides under the tested conditions (Table S5 ) which is also true for most members of the family Myxococcaceae (Reichenbach, 2005) . Interestingly, growth was observed on molasses (Juchem), which could be due to presence of other supplements. Both strains could utilize polysaccharides viz. potato starch, soluble starch and pyruvate but the two strains differed slightly in their peptone requirements; strain MCy1366 T yielded high cell densities in neopeptone (Becton Dickinson), phytone peptone (BD) and skimmed milk (Oxoid) whereas strain MCy10622 grew better in tryptone enzymic digest from casein (BD). No growth was observed in synthetic media S supplemented with Casamino acids (BD) while all the organic and inorganic nitrogen sources tested resulted in moderate to fair growth of both strains (Table S6) .
For fatty acid analysis, all the strains used in the study (Table S7) were cultivated in 50 ml CY medium in 300 ml flasks shaken at 160 r.p.m. at 30 u C. Cellular fatty acid extraction, GC-MS analysis and peak identification were done in duplicate using the method described by Garcia et al. (2011) . All strains had substantially high amounts of iso-C 15 : 0 , which is true for most myxobacteria (Garcia et al., 2009) . The fatty acid patterns of strains MCy1366 T and MCy10622 were significantly distinct from all other strains used in the study. Strain MCy10622 differed from strain MCy1366
T due to the presence of significant amounts of iso-C 17 : 1 (10.9 %), which was completely absent in the fatty acid profile of the latter. The highest percentage of the branched-chain fatty acids (BCFAs) observed in strain MCy1366
T was for iso-C 17 : 0 2-OH (26.1 %) followed by iso-C 15 : 0 (23.2 %) (Table 1) . Indeed, high amounts of iso-C 17 : 0 2-OH has been recommended as a determinative chemotaxonomic marker for species of the genus Corallococcus in the family Myxococcaceae (Garcia et al., 2011) . Strain MCy1366
T possessed a significant amount of iso-C 17 : 0 (16.6 %) and higher amounts of C 15 : 1 isomer 2 (3.3 %) compared to all other strains and differed from species of the genus Corallococcus with lower amounts (1.9 %) of Oalkylglycerol (OAG) fatty acids. In addition, strains MCy1366 T and MCy10622 were distinguishable from Melittangium lichenicola DSM 2275 T , which contains higher amounts of C 16 : 0 (9.8 %), C 18 : 0 (20.6 %) and unspecified fatty acid alcohol (32.1 %) as well as much lower amounts of iso-C 15 : 0 (13.0 %) and iso-C 17 : 0 2-OH (0.5 %). The total amount of straight-chain fatty acids (SCFAs) and BCFAs for strain MCy1366 T was 15.4 % and 84.4 %, respectively, while strain MCy10622 showed 10.0 % and 76.3 %, respectively (Table S7 ).
For 16S rRNA gene amplification, genomic DNA was extracted from actively growing cells of MCy1366 T and MCy10622 using the protocol for Gram-negative bacteria from the Puregene CoreKit A (Qiagen). The 16S rRNA gene was amplified by PCR using universal primers (forward 59-GAGTTTGATCCTGGCTCAGGA-39; reverse 59-AAGGAGGTGATCCAGCCGCA-39). The PCR product was purified using the Nucleospin Gel and PCR clean-up kit (Macherey Nagel) following analysis of the PCR product by gel electrophoresis using a 0.8 % (w/v) agarose gel at 95 V for 35 min. Forward primers F27, F945, F357, F1100 and reverse primers R336, R518, R1078 and R1525 in addition to the primers used for PCR were applied for sequencing of the 16S rRNA gene (Lane, 1991; Stackebrandt & Liesack, 1993; Turner et al., 1999; Weidner et al., 1996) .
The consensus sequences were produced using the Cap contig assembly function of the BioEdit Sequence Alignment Editor Version 7.1.3.0. and compared to the NCBI-BLAST nucleotide database using the FASTA search tool and showed the highest similarity (MCy1366 T , 97.60 %, and MCy10622, 97.47 %) to 'Stigmatella koreensis' KYC-1019 (GenBank accession no. EF_112185).
The complete sequences of MCy1366
T and MCy10622 were aligned with sequences of their close relatives using CLUSTAL W (Larkin et al., 2007) . A phylogenetic analysis with type and representative myxobacterial strains was calculated using two tree-making algorithms, neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Guindon & Gascuel, 2003) , using the software package Geneious version 7.0.3 (Biomatters). A sulfate-reducing bacterium, Desulfovibrio desulfuricans DSM 642 T (GenBank accession no. NR_036778), was chosen as an out-group to root the phylogenetic tree. The Jukes-Cantor model (Jukes & Cantor, 1969 ) was applied to calculate evolutionary distance matrices of the neighbour-joining and maximum-likelihood methods and the topology of the phylogenetic tree was evaluated by bootstrap support based on 1000 resamplings (Felsenstein, 1985) .
The tree reconstructed by the maximum-likelihood method (Fig. 2) . Their separate branching from the known myxobacterial taxa in the suborder Cystobacterineae was also clear in the phylogenetic tree reconstructed with the neighbourjoining method (Fig. S2) . The delineation of the two isolates from closely related strains clustering within the family Myxococcaceae clearly indicated that they represent a novel taxon in the same family.
The two closest relatives of MCy1366
T and MCy10622 according to the 16S rRNA gene sequence-based phylogenetic tree, C. exiguus DSM 14696 T and C. coralloides DSM 2259 T , were chosen for DNA-DNA hybridization assays and DNA G+C content analysis. A method adapted from Kieser et al. (2000) but modified and optimized especially for myxobacteria was used for isolation of high yields of genomic DNA. Cultures (100 ml) in myxo media, CY+H media and A media (8 g starch, 4 g soymeal, 2 g yeast, 1 g CaCl 2 , 1 g MgSO 4 , 100 mM HEPES, 8 mg Ferric EDTA, 4 ml glycerol, 1 l distilled water; pH 7.4) were harvested by centrifugation at 11000 r.p.m. (15286 g) for 5 min. The cell pellets were resuspended in 10 ml Tris buffer after discarding the supernatant and the cell aggregates were dispersed and homogenized with an Ultraturrax (Art Moderne Labortechnik). After addition of 200 ml proteinase K (20 mg ml 21 in 50 mM Tris-HCl, 1 mM CaCl 2 . 2H 2 O; pH 7.5) and 200 ml SDS (20 %, w/v, solution), the solution was mixed gently and kept in a hybridization oven for continuous shaking and incubation at 41 u C for 30 min-2 h until the solution became slightly clear. NaCl (3.5 ml of a 5 M solution) was added to the solution with gentle mixing followed by 4 ml CTAB extraction buffer [4.1 % (w/v) NaCl, 10 % (w/v) cetyltrimethylammonium bromide, water]. The cell solutions were shaken and incubated at 65 u C for another 20 min inside the hybridization oven. The cell solution was then incubated at room temperature from 1 h to 12 h in an overhead shaker after addition of chloroform up to 35 ml. Phase separation of the solution was then achieved by centrifugation at 12000 r.p.m. for 20 min and the upper phase was carefully transferred into new falcon tubes. The acquired upper phase was added to an equal volume of 2-propanol and mixed gently. The precipitated DNA was aspirated, rinsed twice with 70 % (v/v) ethanol, air-dried and dissolved in 2 ml TE buffer.
DNA-DNA hybridization was performed as described by Ziemke et al. (1998) , with the modification that for nick translation, 2 mg DNA was labelled during a 3 h incubation at 15 u C. The G+C content of the DNA was determined using a fluorimetric thermal denaturation temperature determining method described by Gonzalez & Saiz-Jimenez (2002) . Analysis was performed using 5 mg genomic DNA in a total volume of 20 ml, with 0.16 SSC buffer (0.03 M NaCl, 0.03 M sodium citrate), 10 % (v/v) deionized formamide and 0.256 SYBR Green I (Molecular Probes). Thermal denaturation was performed in a CFX384 Touch Real-Time PCR Detection System (Bio-Rad) starting with 15 min at 25 u C followed by a ramp from 65 to 98 u C with an increase of 0.1 u C cycle 21 . Each cycle held for 5 s and included a fluorescence measurement (SYBR channel). Analysis was performed at least in duplicate. Five reference strains were used to generate a standard curve of G+C mol% versus melting temperature (T m ) and a linear regression analysis was used to calculate the DNA G+C content (mol%) of the novel strains. 
Corallococcus exiguus DSM 14696 T (AJ811598)
Melittangium lichenicola DSM 2275 T (GU207877)
Corallococcus coralloides DSM 2259 T (DQ768120)
Pyxidicoccus fallax DSM 14699 (AJ233909)
Myxococcus fulvus DSM 16525 T (DQ768117)
Myxococcus stipitatus DSM 14675 NT (DQ768118)
Myxococcus macrosporus DSM 14697 T (AJ233921)

Myxococcus virescens DSM 2260 T (DQ768119)
Myxococcus xanthus 16S rRNA gene sequence similarity and sharing 61.5 % DNA-DNA relatedness (Stackebrandt et al., 2007 T does not belong to the species C. exiguus or C. coralloides (Wayne et al., 1987) . Strains MCy1366
T and MCy10622 showed 99.9 % 16S rRNA gene sequence similarity and 100 % DNA-DNA relatedness.
Biomass for matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) analysis was collected from one-week-old, 100 ml cultures of MCy1366 T , MCy10622 and the reference strains in CY+H broth and centrifuged at 11000 r.p.m. (15286 g) for 10 min. Whole-cell protein extracts were analysed by using a Microflex L20 mass spectrometer (Bruker Daltonics) equipped with a N 2 laser. Sample preparation for MALDI-TOF MS protein analysis was carried out according to the ethanol/formic acid extraction protocol recommended by Bruker Daltonics as described in detail by Tó th et al. (2008) . The MALDI-TOF mass spectra were analysed with the BioTyper software (version 3.1; Bruker Daltonics). The dendrogram generated on the basis of MALDI-TOF mass spectra (Fig. 3) confirms the close relationship of strains MCy1366
T and MCy10622 as revealed by DNA-DNA hybridization and demonstrates that both strains can be differentiated by MALDI-TOF MS from type strains of related species of the genera Corallococcus, Myxococcus, Pyxidicoccus and Melittangium.
In addition to the 3 % phylogenetic distance based on 16S rRNA gene sequences and low DNA-DNA relatedness to the closest known myxobacterial neighbours (C. exiguus and C. coralloides), strain MCy1366
T also delineates into a novel branch in the MALDI-TOF MS dendrogram and shows a distinct cellular fatty acid profile and biochemical characteristics compared to other members of the family Myxococcaceae. Therefore, we propose strain MCy1366 T represents a novel species of a new genus, Aggregicoccus edonensis gen. nov., sp. nov., based on these distinguishing characteristics.
Description of Aggregicoccus gen. nov. Aggregicoccus edonensis (e.do.nen9sis. N.L. masc. adj. edonensis belonging to Edo, former name of Tokyo, where the soil sample was collected from which the type strain was isolated).
In addition to the characteristics of the genus, the vegetative cells are 0.72-0.82 mm65.71-10.73 mm in size. The swarm colony varies from yellow-orange to almost transparent colour depending upon the medium. Myxospore-like structures, 1.3-1.7 mm in size and covered with outer capsule are obtained in liquid media. Cell aggregates are beige to saffron-orange with extreme branching in peptone or casitone media. Optimal growth temperature is between 30 and 37 uC. pH tolerance is between pH 6.0 and 10.0, and optimum at pH 6.0-7.0. Cannot tolerate high salt concentrations. Best nutritional sources are media with peptones. Can utilize L-asparagine monohydrate, ammonium sulfate, potassium nitrate, urea, L-glutamic acid, glycine, L-lysine monohydrate and L-arginine as nitrogen sources in the presence of casitone. Major fatty acids are C 17 : 0 2-OH, iso-C 15 : 0 and iso-C 17 : 0 . Lipase, valine arylamidase and naphthol-AS-BI-phosphohydrolase production is positive while a-galactosidase, b-glucuronidase, a-glucosidase and cystine arylamidase show negative results in the API ZYM test system.
The type strain is MCy1366
T (5DSM 27872 T 5NCCB 100468 T ), isolated from soil collected in 1981 from a region near Tokyo, Japan. The DNA G+C content of the type strain is 65.6 mol%. An additional strain of the species is MCy10622.
